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ABSTRACT

This study investigated time in instruction, gain,
and rate of learning across three modes of material presentation in a
criterion-referenced individualized course of instruction. Two
hundred fifty-six college students enrolled in an introductory
educational psychology course were randomly assigned to one of three
instruction modes of material presentation: a linear programed
reading mode without illustrations, a linear programed reading mode
with color illustrations, and a paragraph mode which was not in a
programed format. Instruction for all modes was individualized in
that students worked at their own pace and took unit tests at their
own convenience. The results indicated that although criterion could
be achieved in the least time in the linear mode, gain and rate were
poorest in that mode. The linear mode with illustrations took the
most time but showed the best results in terms of gauin and rate.
These significant differences were most pronounced for readers low in
speed and comprehension skills. (WR)
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Atstract

Time in instruction, gain, and rate of learning were examined across three
modes of material presentation in a criterion referenced individualized course
of instruction. The three modes were a linear prorrammed reading mode, a
linear programmed readings mode with illustrations, and a non programmed paragraph
mode. Althougli criterion could be achieved in the least time in the linear
node, gain and rate ‘ere poorast in that mode. The linear mode with illustrations
took the most time, but showed the best results in terms of gain and rate. These

significant differences were most pronounced for readers low in speed and

comprehension skills.
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At present the majority of schools provide successful and revarding learning
experiences for onl: ahout one third of their learners. [he mastery learning

model proposed by Carroll (1943) and Bloom (1968), hovever, essumes that all, or
almost all, of our students are capalle of achieving high academic standards.

In fact, up to 057 of our students can achieve to higl: academic levels representative
of successful and rewarding learning wvhen instructional and learning prccedures
gspecified by the mastery model are employed (Block, 1071)

Carroll's masterv model was based on the theoretical aptitude~time line,
where he proposed that the amount of time a student needs to learn a task, under
optimal learning conditions, is & function of that student's aptitude for that
tasl:. In addition to. aptitude, he proposed that time needed to learn is &
function of quality of instruction and the stulent's abilitv to understand and
profit from instructdéon. If a student is allowed sufficient time needed to learn
to some criterion, and he spends the required time, then that student could be
expected to achieve the specified level of learning. If enough time is not
alloved the student, then the student's degree of learning could be expected to
bve a function of the ratio of the time actunlly spent in learning to the time

needed. In other wvords,

time spert
degree of learning = f

time needed
"he time actually spent, he argued, is a function of the time alloved and some
character .gtic of the studen’.'s which made him stay at the task, which he called

pearseverance. Furthermore, since he proposed that the time needed Ly the
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student is a function of thet student's aptitude, as well as the -uality of

instruction and the student's ability to understand that instruction, then

the full model could ve expressed as, L
1. Time allowed 2. Persev¥rance: : ad
degree of learning = — . v e .
{ 3. fptitude U, Quality of Instruction

[

O Ability to understand Instruction ;

e . v - —— - e e

-

In 1063 Bloom transformed (arroll's (19(3) conceptual model into an
effective working model for master: learnins. IBloom proposed that if aptitudes
predicted the rate ot vhich a student could e expected to learn a given task,
rather than the level of task cornlexity the student should he able to achieve,
as aptitudes wer=s traditionally defined, then one should be able to standardize
the degree of learning expected of the student at some mastery level, and
gystematically manipulate the important instructional variables in Carroll's
model, so that all or most students could attain that level., Specifically, if
time to learn was left to vary and instruction was good, then all students should
be able to master that content.

Experimental studies examining the mastery model support the proposal that
aptitudes, as measured by standardized tests or sunject -related pretests, are
predictive -6f not only the level to which a student will learn in a given time,
but also of the time needed br the student to learn to a givenilevel. The
results indicate that, with the excention of certain broad learner aptitudes
such as verbal ability, specific aptitudes predict learning rates for spcific
gubjects (Block, 1971, Bloom, 1073; Carroll, 1963s, 1963b; Cronbach et.al., 1962;
Camplese et.al., 1073; Dorozinski et. al., 1973; and Sjogren, 1967).

In addition to specific aptitudes and certain general aptitudes vhich are
noted to be good predictors of student success, such &. verbal ability, vhat
the mastery model calls "ability to understand instruction’ might he expected

to have a direct relationship to the student « degree of learning. ‘''he

- experimental findings generally indicate that an instructor can maximize student
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learnin: by modifying the instructional modes in vhich a subject is presented to
fit the student's artitudes. In otler words, if a particular student exhibits
poor aptitude for learning in zome specific moce of material presentation, then
that student might be expected to dermonctrate inefficient learning in that mode.
According to the masterv model, instruction should be individualized to meet the
individual learner's skills if learning is to be efficient (Bloom, 1973; Camplese,
et.al., 1073; Cronbach, 1969; iorozinski, et.al.,, 1973* Kalin, et.al.; 1C73;
icAvoy, et. al., 1i73).

In the mastery modcl for learning pronmosed bv Carroll (1863) and Rloom (1:68),
the amount of time spent in instruction, and the amount of gein within e period
ol time are measures reflecting the student's efficiency of learning. lHow
instructional materials are presented may be manipulated to enhance the student's
degree of learning. Therefore, differences in student's time .a instruction and
amount of gain might be expected under different modes of presentation of
instructional materials. In this study, therefore, three different reading
modes preéenting the same material content hiave bheen employed in a criterion-
referenced individualized course of instruction in educational psychology. The
three instructional modes were & linear programmed reading mode, & linear
programmed reading mode with color illustratiows, and a paragraph mode vhichi was
not in a programmed format. The purpose of tle study has been to examine
learning efficiency in terms of time spent in instruction, amount, of gain from
pretest to posttest, and rate, a ratio of gain divided *y time, across these
three modes of material presentation.

Furthermore, readins skills, taken as a (‘eneral measure of aptitude as well
as an indicant of the student’s ability to understand instruction,' might be
expected to have a direct effect va a stucent's degree of learning. Pecading
comprehension, one's atility to understand written moteriul, is a function of a

number of subskills, including vord recognition, knovledre of word meanings,




sentence and paragraph cormrehension, and avility to orgunize and rerrmduce
vhat .5 read (Austin, 1263), Therefore, reading comprehension appears to be a
skill which is closely related to what Carroll and Lloom call ability to under
stand,' and it would le cxpected to influence degree of learning. In addition
to comprehension skills, reading speed siiills wrould be expected to influence how
quickly a student can progress throu;;~ instructional materials which are reading
oriented. “herefore, individual Jifferenc~s in reading speed and comprehension
skills have been examined in relation to time gain, and rate across the three
reading nodes of instruction.
LLTHOD

Two hundred fifty six college sophomore and Junior students of both sexes
enrolled in an introductory educational psychology course at lest Virginia Univgrsity
vere employed as subjects for this study. These subjects wvere randomiy assigned
to the thrce instructional modes of material presentation, a linear programmed
reading mode +without illustrations, a linear programmed reading mode
witii color illustrations, and a paragraph mode which was not in a programmed
format. Instruction for all modes 'as individualizel in that students worked at
their own pace and took unit testz at their own convenience. All instruction
took place in the open learning center operated by the ™ducational Psychology
Department. lach student worked in an individual carrel except for weekiy
discussion sessions which swere led »r the course instructor. GStudents in «ach
instructional mode recieved the same material content and the same multiple
choice achievement tests. /A criterion of 90; was established for all students,
and each student was alloved as much time as he required to meet that criterion.

Decause all instruction took place in the learning center, it was possible
to keep an accurate account of tie amount of time in minutes each subject spent

interacting with instructional materisls in an éffort to achieve criterion. An
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account was also kept ror tlie nunber of separate occassions on whick a student
interacted with: instructionql materials in an attempt to achieve criterion.
Turthiermore, gain scorec from pretests to rosttests were collected. Rate of
learning efficiency was computed vy dividing time in minutes into gain ecores.
Tiis data were collected for t e mcasurements segment of the course only.

All students involved in tle study were adninistered the Davis Reading
Test (1962) at the veginning of the semester. This test vas used to stratify
sunjects into hirsh and low reading speed and reading comprehension groups (plus
or minus 1 sd).

HuSULTS:

A one way analysis of variance employing the three instructional modes as
the independent variable and time in minutes as the dependent variable revealed
no significant differences at the .05 level. TFurthermore, whren time in minutes
was exé;ined in a 2 x 3 anova with the three instructional modes and high and
lov reading comprehension groups (plus or minus 1 sd) ag the independent
variables, no significant differences were found to exist. However, vren 8s
~ were stratified into uigh and low reading speed groups and vere comparsd across
the three experimental treatments in a 2 x 3 anova examining time in minutes, a
significant interaction (reading speed aumode).at the .05 level of confidence
was revealed (df = 2,62, £ = 3.25). 'This finding suggested that slow readers
spent the least amount of time in ti.e linear programmed reading mode (X = 17.9)
and the most time in the linear orograrmed mode with illustrations (X = 29.1).
A Duncan's -fultiple Fange post test indicated that these mean differences were
significant at .05, (df = 32, K. = 6). Although not significantly different,
it should also be noted that the fast readers spent the most time in the linear
programed mode (X = 22.3), which slow readers completed the quiclest. “Analysis

of covariance, *sith pretests as the covariate, indicated tliat the significant
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differences were due to the mein effects and not differences in S's entry skills.
A one vay anova examining the number of separate occassinrs on which a

student iateracted r.th instructionnl materials in an attempt to achieve

criterion across tie tiree instructional nodcs revealed a si~nificant finding

at the .01 level (df

2, 253+ ¥ = G,4), A uncan's !'ultiple "anee post test
indicated that this significant finding -was the result of a significant difference
in mean number: of trials between mode 1 (7 = 1,37) wid mode 3 (X = 137)

(af = 253, L = 3). Tuis same analysis with student pretests used as a covariate
revealed that the sipgnificant finding was due to the main effect of modes and

not to pretest effects. .his finding indicated that all Ss interacted with
materials the fewest number of times in th= linear prograrmed reading mode, and
the greatest number of times in the paragraph, non programmed mode.

Anelysis of trials (number of seperate occassions on vhich Ss interacted
with materials) in a 2 x 3 anova with instructional modes and high and low
reading compreiiension groups as the independent variables revealed a significant
difference in instructional modes at the .05 level (df = 2, £2; ¥ = 4.33).

No significant differences existed between high and low readers in the analysis,
however. A Duncan's ‘‘ultiple Range post test indicated that the significant F
ratio could be explained bty the difference between nean trials for mode 1,

(X = 1.26) the linear mode, and mode £ (X = 1.75) the linear mode with illustrations
(af = 62, ¥ = 3), Analysis of covariance revealed that this significant difference
held after taking out the variance accounted for by the pretests, the covariate.

A 2 x 3 analysis of variance with instructional modes and hirh and low
reading speed groups as the independent variables and trials to criterion as the
dependent variable revealed simrificant 4ifferences between modes at the .05 level

(df = 2.82; F = 4,L8) and a significant node x readins speed interaction at the

.05 level (df = 2, 82; F = 3.21). A Duncan's Multiple Tange post test revealed

the sipnificant difference between modes to be accounted for by the difference




in mean trials betieen mode 1 (X = 1.7A), the linear mode and mode 2 (X = 1.75),

the linear mode iith illustrations (df = 82, X = 3). TlLese mean differences

held after covurving for pretest effects. Furthermore, the significant interaction
effect was revealea by the uncan's vost test to e due to the mean trial
differences betveen slov readers in the linear mode (¥ = 1.2k) and slow readers

in the linear mode wit: illustrations (i = 2.13) (af = 82, i = 6). io other
interaction meuns were revealed to “e significant at tlhie .05 level by the Duncan's
test. Therefore, slov readers who spent the least amount of time in minutes in
the linear mode and interacted with matefials the fewest numbter of times in

that mode, spent the most time in rinutes and the most trials in the linear

mode with illustrations. Althous. all lZindc of readers spent the least number

of trials in the linear programmed mode, the poor readers were observed to spend
the most time in the linear mode with illustrations. Fowever, in the one way
anova examining trials all Ss were observed to spend the most time in the
paragraph nrode, vhicli suggests that average readers, which were eliminated from
the 2 x 3 anovas, may have uccounted for the large number of trials spent in the

paragrapi: mode.

Gain, a measure of posttest score minus prelest score, reflecting achievement,
was anclyze: in a one way anova across the three instructioqal modes with no
significont finding at the .05 level. However, with gain as the dependent
necsure in a 2 x 3 anova with nigh and low reading comprehension groups (plus and
minus 1 sd) and tne three instructional modes, significant differences at the
.05 level were found to exist between modes (df = 2, 82: F = 3.83) and for the
reading comprehension x modes interaction effect (af = 2, 32; F = 3.73). 1In
this anova no sipnificent differences between readins comprehension groups
existed. A Duncan's Multiple Hanpe Poct test indicated that the significant

main effect for modes could be accounted for by a significant difference
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beti;een the _ain means for mode 1 (¥ = $2.19), the linear proprammed mode, and
mode 2 (X = ¢0.53), the linear proframmed mode with illustrations (af = 82; X = 3),
Taat is, gain for the linear rode with illustrations was significantly greater

tian vas goin for the linear rode vwithout illustraticns at the .05 level. The
Luncan's port test for mean guin differences for the reading comprehension x

mode interaction revealed signiticant differences at the .75 level between the
mean for poor readers in the linear programmed rode with illustrations (¥ = 107.14)

and the folloving means: Lhe poor readers in the linear mode without illustrations
(

(X

'
A
n

51,0, i

&), the good readers in the linear mode vithout illustrations

|

55.45, I = 5), the good readers in the linear mode with illustrations

(X = 60.0, ¥ = 4), and the poor readers in the paragraph mode (X = 62.63, K = 3)
(af = 82), 1In other vords, readers wit poor comprehension skills appear to have
thrived in terms of zain when they learned in a linear programmed mode of
instruction with color illustrations.

Another 2 x 3 anova examining ¢ain across the independent variables of
reading speed (high and low) and the three instructional nmoces revealed significant
findings for the main cffect of modes (af = 2, 82; " = 3.08) and the interaction
effect of modes x reading speed (df = 2, 82; 7 = 4,25) at the .05 level of
confidence. A significant difference for the vain effect of reading speed groups
was not revealed. The Luncan's Multiple Nange post test indicated that the
significant main effcct [ur modes could be primerily accounted for by the mean
gain differences between mode 1 (X = 52,1¢), the linear mode, and mode 2
(X = 50.63), the linear mode with illustrations (df = 52, iI = 3), vhich differed
significantly at the .J5 level of confidence. The Nuncan's test examining mean
gaih differences among Lhe interactior results revealed that the slov readers in
the linear mode with illustrations (X = 105.G3) achieved significantly better
at the .05 level than the folloiuins other yroups: the slow readers in the linear

mode without illustrations (¥ = 4o.1L4, i = (), the fast readers in the linear mode
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with illustrations (¥ = 55.63, © = 5), the fast readers in the linear node
without illustrations (X = 5°.58, K = L), and the slow readers in the paragraph
mode (X = 64.5, I = 3) (daf = 32).

Lnalysis of learning efficiency, exrressed as a ratio of gain divided by
time, or rate, in a one way analysis of variancc across modes revecled a
significant F ratio for the main effect at the .09 level (d4f =2, 253 F = 3.54),
A Duncan's ilultiple Range.post anelysis indicated that learning was most
efficient for all students in the linear mode with illustrations (X = L4.24), and
was significantly poorer(" = 03)in the linear mode without illustrations
(X = 2,95) (af = 253, K = 3).

In the 2x3 analvses of variance cxaminin; rate across high and low reading
comprehiension and reading speed groups for the three treatment modes, no sis
nificant findings were revealed. This result can te most logically explained
by exeamining the formula for rate, vhereby large gains, which were indicated for
certain l.inds of readers, were cancelled out by similarlv large units of time.
llowever, this finding of no differences vwhen reeders were stratified does not
negate the significant finding for learning efficiencv wnen all readers were
included in the one weyv anova.

DISCUSSION:

This study hes examined learning efficiency, expressed as a ratio of gain
gcores divided by time spent with the learning task, as a function of reading
skills and three different reading modes of presentation of instructional
moterials in an individualizéd, criterion- referenced educational psychology course.
Specifically, attention was given to the deperdent variables of time spent in
instruetion, number of trials to criterion, gain, or amount of achievement from
pre to post tests, aand rate of learning. N

The two hundred fifty six students involved in the study were randomly

assigned to three instructional modes of material presentation, & linear
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prograumed reading mode with color illustrations, and a paragraph mode which was
not $n a programmed format. In accordance with the mastery learning paradigm,

a criterion of Qu, was established for all students, and time needed by the
students to reach criterion was left to vary, as each student paced himself
through the instructional materials.

Analvsis of variance examining time in minutes needad by students to

achieve tle 907 criterion revealeu no significant differences between instructional
modes when all students were used in the anova or vhen students were stratified
into high and low reading comprehension groups. However, & ¢ X 3 anova exemining
time, when readers were stratified into high and low readins speed groups, revealed
a significant interaction for the reading speed x mode effect. The Tuncan's
‘lultiple Range post test indicated that the slow readers were atle to achieve
criterion in the least amount of time in the linear programied reading mode, hut
that these slow readers spent significantly more time in the linear programmed
reading mode with illustrations. An analysis of covariance, with pretests as the
covariate, indicated that t'is significqnt difference was attributable to the
main effects and not differences in student'’s entry . .lls.

Analysis of the dependent variable trials to criterion revealed that all
subjects .nteracted with instructional materials the fewest number of times in
the linear programmed mode, and the'greatest nurher of times in the paragraph,
non-programed mode. This finding was significant with - = ,0l. Furthermore,
wiien students were stratified Ly high and low reading comprehension scores,
students in the linear programmed riode irithout illustrations were noted to account
for significantly fever trials to criterion than the students in the linear mode
with i1llustrations. When stucents vere gtratifiedby reading speed skills for

o similar analysis of trials, the students in the linear mode again were noted

to take significantly fewer trials to reach criterion than the gtudents in the

linear mode with illustrations. Also, a significent interaction effect ias
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revealed by this analysis of variance vhic' indicated that slov readers tool
significantly fever trials in the lincar vode than did slow readers in the
linear mode with illustrations. Therefore., slow readers who spent the leust
amount of time in minutes in ti.e linear mode, and interacted with materials

the fewest number of times in that mode, spent the most time in minutes and tle
08t trials in the linear mode with illustrations. In terms of the mastery
model, these results appear to indicate that the linear programmed reading mode
vas quite an efficient instructional mode since criterion could %be reached
quickest, by even the poor readers, in that mode. Hovever, subsequent analyses
of gain and rate suggested that this mole was not as appealing as it first appeared
to be.

Gain, reflecting achievement, was analyzed in a one way analysis of variance
across the three instructional modes with no significant findings. However, with
gain as the dependent measure in a 2 x 3 anova vith high and low reading
comprehension groups and the three instructional modes as the independent variables,
significant differences were found to exist between instructioral modes and for
the reading compreliension x modes interaction effect. <4he linear programmed mode
with illustrations, which had accounted for the most student time, was noted to
account for significantly greater achievement tian the linear mode without illu
illustrations, the mode in which students spent the least time. . Furthermore,
the Duncan's post analysis of the significant interaction effect revealed that
the poor readers in the linear mode with illustrations acrieved significantly
better results than the poor readers in the linear mode without illurtrations,
the poor readers in the parapgrarh mode, the good readers in the linear mode with
illustrations, and the good reanders in the linear mode without illustrations.
"hese significant findings were duplicated when students were stratified by
nigh and low reading speed scores. In other words, the poor readers, in terms

of reading comprehension and speed skills, appear to have thrived in terms of
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gain in the linear projrammed mode with illustrations. Iven though they spent
the most time in tiat mode, their time was well invested in terms of achievement.
Learning efficiency, expressed as a ratio of gein divided by time in minutes,
or rate, was examined in a one wayv anova across the three instructional nodes
for all students. & significant difference between the modes was revealed, vhich
was attributable to learning in the linear mode with illustrations being sipgnificantly
more efficient for all students t':an learning in the linear mode without illustrations.
Lven though the linear mcde with illustrations was the one which accounted for the
most student investmenl of tirie, it was the one which resulted in the ‘est gain,
and subsequently rate or efficiency of learning.
When subjects were ilocked on reading comprehension and reading speed skills
in 2 x 3 analysis of variance testing rate, no significaht findings were revealed.
'"his result was attributed to tihe nature of tﬁe rate formula, vhereby large gains
for certain Linds of realers were cancelled by similarly large units of time.
In terms of Carroll (1063) and Bloom':~ (1968) rmodel for mastery learning,
reading speed aptitude appears to account for more variation in time needed to
reach criterion in this study than did specific pretest skills or reading
compreliension skills. Although all of the students in this study achieved the
907 criterion, and degree of learning could he said to be constant, measures of
gain and rate, or efficiency of learning, have supcested that in order for a
student to achieve maximal results and the most efficient learning rate, he must
invest sufficient time. That is, the more time the student spent in learning
tre better his gains and learning rate. The linear programmed reading mode
with illustrations appears to have forced students to spend gifficient time to
schieve maximal pain snd learning rate in this study. Generally spealing, students
with high reading aptitude were noted to spend the rost time interacting with

instructional msterials. and consequently experienced the most gain. Therefore in

this study, aptitude held a direct relationship to time, rather than an inverse
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relationship which the master model might predict., Furthernore, time invested

became & relatively accurate predictor of amount of gain.
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